SUMMAR Y During the lunar month of Ramadan, Muslims abstain from eating, drinking and smoking from sunrise to sunset. We reported previously that Ramadan provokes a shortening in nocturnal total sleep time by 40 min, an increase in sleep latency, and a decrease in slow-wave sleep (SWS) and rapid eye movement (REM) sleep duration during Ramadan. During the same study, the effects of Ramadan intermittent fasting on daytime sleepiness were also investigated in eight healthy young male subjects using a quantitative waking electroencephalograph (EEG) analysis following the multiple sleep latency test (MSLT) procedure. This procedure was combined with subjective alertness and mood ratings and was conducted during four successive experimental sessions: (1) baseline (BL) 15 days before Ramadan, (2) beginning of Ramadan (R11) on the 11th day of Ramadan, (3) end of Ramadan (R25) on the 25th day of Ramadan, (4) recovery 2 weeks after Ramadan (AR). During each session, four 20-min nap opportunities (MSLTs) were given at 10:00, 12:00, 14:00 and 16:00 h and were preceded by rectal temperature readings. Nocturnal sleep was recorded before each daytime session. Subjective daytime alertness did not change in R25 but decreased in R11 at 12:00 h, and subjective mood decreased at 16:00 h, both in R11 and R25. During the MSLT, mean sleep latency decreased by an average of 2 min in R11 (especially at 10:00 and 16:00 h) and 6 min in R25 (especially at 10:00 and 12:00 h) compared with BL. There was an increase in the daily mean of waking EEG absolute power in the theta (5.5-8.5 Hz) frequency band. Significant correlations were found between sleep latency during the MSLT and the waking EEG absolute power of the fast alpha (10.5-12.5 Hz), sigma (11.5-15.5 Hz) and beta (12.5-30 Hz) frequency bands. Sleep latency was also related to rectal temperature. In conclusion, Ramadan diurnal fasting induced an increase in subjective and objective daytime sleepiness associated with changes in diurnal rectal temperature.
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INTRODUCTION
Each year during the lunar month of Ramadan, healthy Muslims abstain from eating, drinking, smoking and sexual activity in the daytime. The changes in meal and activity schedules induce chronobiological and metabolic modifications, also related to behavioural changes.
The delay in sleep onset has been rendered responsible for a shift towards the evening chronotype in Muslims observing Ramadan (Roky et al. 2001; Taoudi Benchekroun et al. 1999) . Accordingly, several chronobiological changes have been reported, such as a decrease in the amplitude and a delay in the acrophase of the circadian oscillation of plasma melatonin, cortisol and glucose and that of body temperature (Al-Hadramy et al. 1988; Bogdan et al. 2001; Bouchareb et al. 1997; Iraki et al. 1997; Roky et al. 2000 Roky et al. , 2001 . The diurnal abstinence from meals leads also to a decrease in the diurnal resting metabolic rate (Elati et al. 1995) and diurnal plasma glucose (Iraki et al. 1997) .
Behavioural changes, marked by an increased irritability (Kadri et al. 2000) and a decrease in subjective alertness (Roky et al. 2000) , have been attributed to the abstinence from nicotine and coffee (Kadri et al. 2000) . There is also evidence that performance and security at work are impaired. Traffic accidents increase (Shanks et al. 1994 ) and learning performance (Afifi 1997 ) and muscular force (Bigard et al. 1998; Boussif et al. 1996) are diminished.
In a previous study, our team confirmed that Ramadan fasting is accompanied by impairment in alertness, assessed by visual analogue scales (VAS), at 09:00 and 16:00 h without any change in psychomotor performance estimated from movement reaction time and critical frequency fusion tests (Roky et al. 2000) . The apparent discrepancy between the result of VAS and psychomotor tests was attributed to a practising effect, which is commonly observed in the latter tests (Monk 1994) . Other studies have shown that psychomotor performance, such as critical flicker fusion (Ali and Amir 1989) and memory (Hakkou et al. 1988) are impaired by Ramadan fasting. For Lagarde et al. (1996) , subjective alertness decreased only at the beginning and not at the end of Ramadan, suggesting to the authors an adaptation mechanism to intermittent fasting. However, our team did not retrieve such an adaptation (Roky et al. 2000) . This divergence may be due to the different methods of assessing subjective alertness.
Therefore, we used an objective measure of excessive daytime sleepiness, the multiple sleep latency test (MSLT), a test widely used to study the effects of sleep deprivation (Bonnet and Arand 1995; Roehrs et al. 2000) . However, its application to mild sleep-wake cycle disturbances such as those observed during Ramadan (Roky et al. 2001 ) is far less documented. The MSLT consists of a daytime polysomnographic (PSG) recording, during a series of 20-min nap opportunities during which sleep latency is determined precisely. Other parameters such as wake efficiency (100 minus percentage of sleep) and sleep onset frequency (number of sleep onsets within the series of nap opportunities), were also analysed (Clodore´et al. 1990; Pollak 1997) .
Sleepiness is also reflected in the waking EEG, as shown by sleep deprivation during which an increase in several EEG frequency bands occurs (delta, alpha, theta, beta) (Aeschbach et al. 1997; Lorenzo et al. 1995) . Therefore, in the present study, the MSLT was combined with a quantitative analysis of the waking EEG activity.
Rectal temperature can be taken as a marker of metabolic processes, as its variations are related to metabolic changes (Aschoff and Pohl 1970) . It has also been shown to change with alertness (Benoit and Foret 1988; Monk 1994) . In order to demonstrate which of the alertness measures yields the closest relationship with body temperature, Spearman correlation between this variable and MSLT, subjective alertness (VAS) and waking EEG activity was calculated.
The main purpose of the present study was to measure daytime sleepiness objectively during Ramadan, using the MSLT technique, and to correlate the MSLT data with subjective data and rectal temperature.
METHODS

Subjects
Eight Muslims (20-28 years old) gave their informed written consent to participate in the protocol, which was approved by the University of Casablanca Ethics Committee and the Religious Committee of the Hassan II Foundation for Scientific and Medical Research on Ramadan. After medical and biological screening, healthy subjects were selected on their regular schedules regarding meal (breakfast at 07:00 ± 1 h, lunch at 12:00 ± 1 h and dinner at 20:00 ± 1 h) and sleep (sleep between 23:00 and 07:00 ± 1 h). They were also selected on their stable habits during Ramadan regarding meals (two nocturnal meals: break of fasting at 18:00 h; night meal between 22:00 and 24:00 h) and sleeping hours (between 24:00 ± 1 and 08:00 ± 1 h). The subjects were not regular nappers and belonged to the intermediate chronotype according to the scores obtained on completion of the morningness ⁄ eveningness questionnaire of Horne and Ö stberg (1976) . They were non-smokers and were not addicted to caffeine or alcohol-containing beverages.
General protocol
Ramadan occurs in the ninth month of the lunar calendar that advances 12 days every year in relation to the Gregorian calendar. This study was performed between 19 December 1997, and the 15 February 1998, Ramadan taking place between 31 December 1997 and 29 January 1998.
The subjects underwent four continuous 24-h PSG recording sessions: (1) baseline 12 days before Ramadan (BL), (2) beginning of Ramadan on the 11th day of Ramadan (R11), (3) end of Ramadan on the 25th day of Ramadan (R25), (4) and 2 weeks after Ramadan (AR). Each experimental recording session started with a nocturnal sleep scheduled between 23:30 and 7:30 h. On the following day, subjects had four nap opportunities given at 10:00, 12:00, 14:00 and 16:00 h in accordance with the guidelines for the MSLT (Carskadon et al. 1986) . Five minutes before the beginning of the MSLT, subjects rated their subjective alertness and mood on VAS. They were then asked to remove their shoes and lie in bed. The test began with the standard instruction to keep the eyes closes and not to resist sleep. Immediately after, the lights were turned off. Due to the portable PSG recording technique used, the observer being blind to the state of vigilance of the subject, the test ended 20 min later. Therefore, when sleep occurred during the nap opportunity, it was always shorter than 20 min. Between the tests, subjects were continuously watched by one investigator to prevent them from sleeping or having activities other than reading, watching TV or playing card, as MSLT scores are influenced by preceding activity (Bonnet and Arand 1998) . Furthermore, the absence of any sleep episode between the nap opportunities was verified afterwards by inspection of the daytime PSG recordings.
During the experimental days, daily meal composition was maintained constant in both fasting and non-fasting days and only meals schedule changed. During non-fasting days (BL, AR), meals were scheduled as follows: breakfast at 08:00 h, lunch at 12:30 h, light snack at 17:00 h and dinner at 20:30 h. During both Ramadan sessions, they neither ate nor drank during the daytime. Meals schedule was: break of fasting at 18:00 h at the beginning of Ramadan and 18:30 h at the end of Ramadan, light snack at 21:00 h, and dinner at 22:30 h. When at home, the subjects were asked to comply with the meal composition and with the schedule adopted during the laboratory investigation.
Polysomnographic recordings
The PSG recordings are described in a previous publication (Roky et al. 2001) . Briefly, electroencephalogram (EEG), electro-oculogram (EOG) and electromyogram (EMG) were recorded on eight-channel ambulatory Oxford Medilog MR-9000 II Ò recorders (Oxford Instruments, Abington, UK). The EEG electrodes were placed at sites C3, C 4 , A 1 , A 2 , Cz and Fz. The C 3 and C 4 electrodes were connected to the linked ears reference A1 and A 2 . The analogue signals were stored on C-120 tapes which were then converted to digital with an eightbit resolution and a sampling frequency of 128 Hz using the Vision Ó software (Oxford Instruments). , Strasbourg, France). Nocturnal and MSLT PSG recordings were visually scored in 20-s epochs following classical criteria for wakefulness, stages 1, 2, 3 and 4 of non-rapid eye movement sleep (NREM sleep, stages 3 and 4 constituting SWS), and REM sleep (Rechtschaffen and Kales 1968) . Sleep onset was defined by the beginning of three consecutive 20-s epochs of stage 1 or at least one epoch of any other deeper sleep stage. Artifacts (eye blinks, movements and electrode detachments) were detected automatically through combining digital filtering and background-dependent amplitude thresholds and were subsequently inspected by an expert. The 2-s EEG epochs overlapping with artifacts did not exceed 25% of the recording sequences and were discarded from further analysis. Absolute EEG power (lV 2 ) spectra of the C 3 -A 1-2 and C 4 -A 1-2 derivations were computed between 0.5 and 30 Hz on the remaining 2-s epochs using a fast Fourier transform algorithm. The 2-s spectra belonging to the waking phase (20-s epochs scored as wake) of each MSLT were subsequently averaged, yielding in a mean estimate of the waking EEG activity during each test. Absolute power of the delta (0.5-5.5 Hz), theta (5.5-8.5 Hz), alpha (8.5-12.5 Hz), sigma (11.5-15.5 Hz) and beta (12.5-30 Hz) frequency bands was computed by summing up powers in the 0.5-Hz frequency bins belonging to the corresponding frequency band, the upper bin being excluded. Frequency band limits were adapted for the study of waking EEG ) and additionally included the classical sigma (11.5-15.5 Hz) band for sleep studies.
Subjective mood and alertness
Global subjective alertness and mood were calculated as shown by Monk (1989) . Eight univocal VAS ratings were used. Four of them concerned subjective alertness (alertness, tiredness, sleepiness and awkwardness) and four subjective mood and affect (happiness, sadness, calmness and tension).
Core temperature measurements
As previously described (Roky et al. 2001) , rectal temperature was continuously recorded with a thermistor probe, which was inserted 12 cm into the rectum and attached to a light portable belt recorder, and was noted before each nap during the four experimental sessions.
Statistical analysis
The influence of Ramadan on MSLT scores, quantitative waking EEG measurements and VAS scores were analysed using a non-parametric Friedman analysis of variance (anova), with the experimental sessions as factors. When the anova indicated significant differences, post hoc multiple comparisons between sessions for the four naps and for each nap of a given session were performed using Wilcoxon paired t-tests.
Two-way anova was also used with the time of day and Ramadan session as factors.
Statistical comparison of waking EEG absolute powers was performed after a logarithmic transformation ensuring a normal residual distribution. Non-parametric Spearman correlation coefficient was used to determine the relationships between MSLT scores and rectal temperature, and between diurnal waking EEG activity and nocturnal sleep.
RESULTS
Nocturnal sleep
The effect of Ramadan on nocturnal sleep was detailed in a previous paper (Roky et al. 2001) . Briefly, total sleep time decreased (418 ± 12 versus 362 ± 26 min) and sleep latency increased (27.7 ± 9 versus 85.1 ± 29 min) at the end of Ramadan. The proportion of NREM sleep increased during Ramadan and its structure changed, with an increased duration in stage 2 and a decrease in SWS. The REM sleep duration and proportion decreased during Ramadan.
Daytime sleepiness, mood, diurnal waking EEG activity and rectal temperature MSLT scores Sleep onset frequency (Fig. 1) was not changed during Ramadan in comparison with BL, but was higher in R25 compared with AR (t ¼ 75, P ¼ 0.004). Sleep latency (Fig. 1) varied between sessions (v 2 ¼ 12.3, P ¼ 0.007), with a decrease at the end of Ramadan (R25; 11 min ± 2.5 min) in comparison with baseline (17 min ± 2 min; t ¼ 3.9, P ¼ 0.0009). It did not change at the beginning of Ramadan (R11) and resumed BL values in AR. Time-of-day effects were observed in the nonfasting condition (BL and AR), sleep latency being shorter at 14:00 h than at 10:00 h (t ¼ 0, P ¼ 0.027 in BL; t ¼ 0, P ¼ 0.018 in AR) and 16:00 h (t ¼ 2, P ¼ 0.042 in BL and t ¼ 0, P ¼ 0.042 in AR). During Ramadan, the decrease in sleep latency was more important at 10:00 h (t ¼ 3.04, P ¼ 0.018) and at 12:00 h (t ¼ 5.2, P ¼ 0.0012). Wake duration (Fig. 1) 
during Ramadan, especially in R25 (83% in BL, 75% in R11, 61% in R25 and 78% in AR). Time-of-day effect was significant for all sessions. In non-fasting conditions (BL and AR), wake duration dipped at 14:00 h, but at 12:00 h at the end of Ramadan (R25). In Ramadan condition, the decrease in wake duration was larger at 10:00 h (t ¼ 0, P ¼ 0.011) and 12:00 h (t ¼ 3, P ¼ 0.02) than at 16:00 h (F ¼ 2.2, P ¼ 0.03). In AR, wake duration resumed BL values. The duration of stage 1 (Fig. 1) did not change from BL to Ramadan, but it was longer in R11 and R25 in comparison with AR (t ¼ 66, P ¼ 0.028; t ¼ 69, P ¼ 0.02; mean stage 1 duration was: 6 ± 3.2% in BL, 11 ± 4% in R11, 18 ± 2.5% in R25 and 6 ± 2.1% in AR). Slow-wave sleep and REMsleep did not occur in any of the naps.
Subjective measure of alertness and mood
In non-fasting conditions, subjective alertness followed the variations seen with the MSLT measures (Fig. 2) . In BL and AR, subjective alertness was lower at 14:00 h (t ¼ 1, P ¼ 0.02; t ¼ 5, P ¼ 0.038) than at 12:00 h. This was not true during Ramadan, as subjective alertness decreased only at 12:00 h in R11 (t ¼ 4, P ¼ 0.049) and increased at 14:00 h (t ¼ 2.5,
Subjective mood decreased slightly at 16:00 h in R11 and R25. It was greater at 12:00 h in Ramadan than in AR (t ¼ 2, P ¼ 0.025 in R11 and t ¼ 6, P ¼ 0.05 in R25). After Ramadan, mood resumed BL values at 10:00, 14:00 and 16:00 h but was low at 12:00 h (t ¼ 2, P ¼ 0.025).
Subjective alertness and mood were positively correlated. Both variables were also positively correlated to the MSLT measure of sleep latency (Table 1) .
Diurnal waking EEG activity
During the waking epochs of the daytime naps, the EEG absolute powers in the delta (0.5-5.5 Hz), alpha (8.5-12.5 Hz), sigma (11.5-15.5 Hz), beta (12.5-30 Hz) frequency bands, as well as the overall absolute power (0.5-30 Hz), were not affected by Ramadan. In contrast, the waking EEG activity in the theta (5.5-8.5 Hz) frequency band increased during Ramadan fasting as compared with BL (t ¼ 3.24, P ¼ 0.006).
In addition, positive correlations were found between the MSLT measures of sleep latency and the waking EEG absolute power in the fast alpha (10.5-12.5 Hz) (r ¼ 0. beta (r ¼ 0.27, P ¼ 0.02) and sigma (r ¼ 0.29, P ¼ 0.01) frequency bands (Table 1) .
Rectal temperature and correlations with sleepiness measures
Rectal temperature decreased during Ramadan (R11: t ¼ 68, P ¼ 0.015; R25: t ¼ 94, P ¼ 0.001) (Fig. 3, Table 2 ), especially at 16:00 h in R25 (t ¼ 0, P ¼ 0.012) compared with BL. Rectal temperature correlated best with sleep latency (r ¼ 0.35, P ¼ 0.0002). Higher rectal temperature corresponded to a larger delay in sleep onset and to a longer wake duration prior to sleep during the nap episodes (Table 2) . Conversely, greater rectal temperature values correlated with shorter stage 2 duration during nap sleep. Although the subjective measures of alertness and mood did not correlate with rectal temperature (Table 2) , a positive correlation between rectal temperature and sigma (11.5-15.5Hz) power was observed.
DIS CUSS ION
This study showed an increase in daytime sleepiness, especially at 10:00 and 12:00 h at the end of Ramadan, and a decrease in daytime body temperature during Ramadan. These results are in agreement with reports of a decrease in psychomotor, learning and muscular performances during Ramadan (Afifi 1997; Bigard et al. 1998; Boussif et al. 1996; Roky et al. 2000) . This increase in sleepiness, especially in the morning, could be due to the decrease of the nocturnal sleep duration, the delay in rising time, and the absence of breakfast and caffeine intake.
The MSLT measures of sleep latency and the duration of wake and stage 1 during naps varied in the same way during Ramadan. Although wake efficiency has been thought to Clock time (h)
Rectal temperature (°C) represent the best parameter to appreciate daytime sleepiness from MSLT data (Pollak 1997) , the percentage of wake and sleep latency gave a similar estimate of sleepiness. Also, we could not confirm that the number of sleep onsets during the naps was a better measure in evaluating sleepiness, as had been suggested by Clodore´et al. (1990) . Technically, the use of the portable polygraph equipment made necessary to end the MSLT after 20 min. Therefore, the subjects could only sleep less than 20 min. As in the usual MSLT procedure, the amount of sleep in one nap could have influenced that of the following nap. However, the decrease in sleep latency in non-fasting conditions at 14:00 h, which represented the third nap, demonstrated that this was not the case, in accordance with Pollak (1997) .
Subjective assessments showed an increase in sleepiness at the beginning of Ramadan, the MSLT measures at the end. However, the measures from both techniques were correlated, especially in non-fasting conditions with an increase in sleepiness at 14:00 h. The results of the subjective evaluation suggest that there was an adaptation to Ramadan fasting as was reported earlier by Lagarde et al. (1996) . The result of the MSLT did not confirm this observation.
Several studies have demonstrated that MSLT and subjective measures of sleepiness do not always correlate, especially in young people (Manni et al. 1991) , even after sleep deprivation (Devoto et al. 1999) . Subjective evaluations are more influenced by psychological factors than is the MSLT (Olson et al. 1998) . Effectively, the feeling of pride and satisfaction that accompanies the religious fasting during Ramadan may interfere with subjective ratings of alertness, although mood did not change during Ramadan. Subjective measures of sleepiness and MSLT may also evaluate different processes, the former measuring subjective feeling of fatigue, the latter the tendency to sleep.
Another major finding was the slowing in daytime cerebral activity during Ramadan, marked by an increase in the EEG theta band power density during the wakefulness episodes of the naps. This finding confirms earlier report of increased theta activity during a situation of increased sleepiness (Aeschbach et al. 1999; Cajochen et al. 1995; Corsi-Cabrera et al. 1994; Torsvall and Akerstedt 1988) . In these studies, both the theta and alpha bands increased, especially when subjects were examined in active wakefulness with the eyes opened. In other recent studies, only the theta band activity was shown to increase when alertness decreased (Aeschbach et al. 2001; Cajochen et al. 1999; Lafrance and Dumont 2000) , even in case of moderate sleepiness. There are controversies in the literature as to the modifications of the EEG alpha band in conditions inducing sleepiness. Cajochen et al. (1995) believed that the increase in the range of 6.25-9.0 Hz reported after sleep deprivation relates more to the theta frequency than the alpha frequency band. In our protocol, however, the positive correlation between the fast alpha activity (10.5-12.5 Hz) and sleep latency during Ramadan demonstrated that this activity decreases when sleepiness increases, at least when subjects are recorded with the eyes closed. The waking alpha frequency has also been found to decrease after the induction of sleepiness by l-tryptophan administration (Spinweber et al. 1983 ) and after sleep deprivation (Brunner et al. 1993; Lorenzo et al. 1995) . However, a lack of correlation between the alpha band power and neurobehavioural performance has also been reported (Cajochen et al. 1999) . Taken together, these findings suggest that the theta activity is better than that of the alpha band in evaluating the level of sleepiness, because it always increases with sleepiness independently of the recording situation. Aeschbach et al. (1999) hypothesized that theta activity is correlated to objectively measurable sleep propensity and that high-frequency alpha activity is correlated to the perception of the arousal level. In the present study, however, theta power was not significantly correlated to sleep latency.
Diurnal rectal temperature was decreased during Ramadan in relation to the decrease in the resting metabolic rate and the diurnal the energy expenditure (Elati et al. 1995; Sweileh et al. 1992) . Rectal temperature was correlated to sleep latency, alertness, mood, sigma and beta activities, suggesting that the increase in sleepiness is related to metabolic changes. Effectively, metabolic changes influence cerebral activity: increased theta activity is associated with hypometabolism in the medial thalamus (Paus et al. 1997 ) and with hypoglycaemia (Bjorgaas et al. 1998; Cox et al. 2000) .
In conclusion, sleepiness estimated with objective and subjective techniques increased during Ramadan. This increase was related to the metabolic changes observed during the intermittent fasting.
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